ABSTRACT: Four barrows of approximately 40 kg initial body weight, fitted with post-valvular T-cecum cannulas, were used to study the effect of lecithin as an external emulsifier on apparent ileal and overall digestibility of crude fat, fatty acids, and other dietary nutrients (DM, N, GE, crude fiber [CF], P, Ca, and Mg), as well as the utilization of N, GE, Ca, P, and Mg. Two levels of lecithin ( 0 and .24%) and two levels of rendered fat ( 0 and 6%) in cereal-soybean mealbased diets were investigated according to a 4 x 4 Latin square design. No significant interactions were found between lecithin and rendered fat for apparent digestibility of crude fat as estimated at the end of the small intestine and the total digestive tract. Lecithin decreased the apparent ileal digestibility of C16:O fatty acid ( P < . l ) and the apparent overall digestibility of C14:O fatty acid ( P < .05) and C18:2 fatty acid ( P < .1). The apparent ileal and overall digestibility of crude fat ( P < .001) and total fatty acids ( P < .05) increased with the inclusion of rendered fat in diets. Furthermore, rendered fat increased the apparent ileal and overall digestibility of C14:O ( P < . O l ) , C16:l (ileal, P < .001; overall, P < . l ) , and C18:l ( P < .05) fatty acids and the apparent overall digestibility of C18:O ( P < .001) fatty acid. Lecithin had no impact on the apparent digestibility and retention (percentage of intake) of GE, N, total P, Ca, and Mg. Rendered fat increased the apparent digestibility of DM (ileal, P < . l ; o v e r a l l , P < . 0 5 ) , N ( P < . 0 5 ) , a n d G E ( P < . 0 5 ) at the terminal ileum and total tract. Also, the apparent ileal digestibility of Ca ( P < . l ) and the retention (percentage of intake) of N, ME, and MEn were improved ( P < .05) by the addition of rendered fat.
Introduction
Rendered fat, a by-product of the slaughter industry, is a commonly used fat source in swine diets. However, its utilization is limited due t o a high content of long-chain, saturated, nonpolar fatty acids. These fatty acids have a restricted entry into the micellar phase, and, consequently, absorption is reduced (Freeman, 1969) . To increase absorption of rendered fat, lecithin (phosphatidylcholine) can be added as an emulsifier to promote the incorporation of nonpolar fatty acids into the micellar phase. Dietary lecithin increased the apparent digestibility of total dietary fat in diets fed t o humans (Aldersberg and J. Anim. Sci. 1994 . 72:2022 -2028 Sobotka, 19431, calves (Havrevoll, 19841 , and chicks (Polin, 1980) . Information on the synergism in digestibility between dietary lecithin and fat in diets for pigs is inconsistent and limited (Frobish et al., 1969; Jones et al., 1990a Jones et al., ,b, 1992 0verland et al., 19931 , particularly when estimated at various sections of the gastrointestinal tract. Furthermore, interaction between minerals (calcium, magnesium) and fat in the gastrointestinal tract may limit the absorption and retention of the fatty acids and mineral involved (Hgkansson, 1974) . No information is available on the effect of lecithin on the fat-mineral interaction. Therefore, the objectives of this study were to investigate: 1) the effects of dietary lecithin on the apparent ileal and overall digestibility of HC1-ether extract ( HC1-EE), fatty acids, DM, CP, GE, and crude fiber ( CF); and 2 ) the fat-mineral interaction in terms of the apparent digestibility and utilization of P, Ca, and Mg in diets containing 0 or 6% rendered fat.
Materials and Methods

Animals and Housing. One digestibility experiment
was conducted using four crossbred (Norwegian Landrace x Yorkshire) barrows of 39.8 and 73.0 kg average initial and final BW, respectively. Pigs were fitted with post-valvular T-cecum cannulas ( PVTC) under inhalation anesthesia according to the procedure described by van Leeuwen et al. (1988) . They were allowed a 14-d postsurgical recovery period and were then individually housed in standard metabolic cages (1.6 m x .8 m ) at an average ambient temperature of 18°C.
Experimental Procedures. Pigs were randomly assigned to four dietary treatments according to a 4 x 4 Latin square design. There were four successive 16-d experimental periods. Each experimental period consisted of a 6-d period for adaptation to experimental diets, a 7-d period of quantitative collection of feces and urine, and a 3-d period for collection of ileal digesta. During each adaptation period, the pigs were moved into a conventional pen ( 2 m x 3 m ) to minimize the duration of restraint, which is important from an animal welfare point of view. In total, the experiment lasted 64 d.
Feces were collected quantitatively twice daily and frozen at -20°C. After each period, the feces were oven-dried, ground, and mixed, and a representative subsample was used for chemical analysis. Each day, the total amount of acidified urine was weighed and a 10% aliquot was retained; the aliquots accumulated for 7 d in each period were pooled and a representative sample was taken for chemical analysis.
The collection of ileal digesta was carried out from 0700 t o 1900 over three consecutive days. Sterilized polyethylene tubing was placed over the cannula barrel and kept in place throughout the collection period. The tubing was emptied on average every 60 min into polyethylene bags. Each bag with ileal digesta was weighed and immediately frozen at -20°C. After each collection period, the frozen digesta were removed from the polyethylene bags and freeze-dried. Dried material was left to stabilize for 2 h in a desiccator and then weighed. Freeze-dried digesta taken hourly in the three collection days within each balance period were pooled according to period and diet, ground through a 1-mm sieve, and thoroughly mixed. Samples were stored in a freezer at -20°C until they were analyzed. (Table 1) were arranged in a 2 x 2 factorial structure with two levels of lecithin ( 0 or .24%) and two levels of rendered fat ( 0 or 6%).
Diets and Feeding. Experimental diets
The soy-lecithin source used in this study contained approximately 60 to 65% of phospholipids, of which 25% was pure lecithin (phosphatidylcholine). This product consisted primarily of unsaturated and longchain fatty acids ( 2 16 C), of which linoleic acid (C18: 2 ) was predominant ( composition and phospholipid content of the soylecithin was similar to that reported by 0verland et al. (1993) .
Rendered fat is mainly a by-product of the slaughter industry and consists of various animal fats (lard, tallow, poultry fat, etc.). The rendered fat used in this study consisted mainly of lard (65 to 70%) and beef tallow (30 to 35%) and contained 44.9% of saturated fatty acids and 42.3% of unsaturated fatty acids (Table 3 ). The predominant saturated fatty acids in the rendered fat were palmitic acid (16:O) and stearic acid ( 18 : 01, and the predominant unsaturated fatty acid was oleic acid (18:l). Not all fatty acids were measured, and, therefore, the sum of the saturated and unsaturated fatty acids in the diets did not equal the total fatty acids, which were analyzed independently.
All diets were typical under Norwegian conditions and based on barley, oats, and extracted soybean meal as the major ingredients. Lecithin accounted for 4% of the added fat. Lecithin and rendered fat were added to the diets at the expense of barley. Crystalline lysine and threonine were added to the diets containing lecithin and(or) rendered fat to maintain constant ME:lysine and ME:threonine ratios. The ME:lysine ratio was 446 kcal of ME/g of available lysine and the ME:threonine ratio was 631 kcal of ME/g of available threonine. Diets were formulated to meet or exceed requirements for all essential amino acids (NRC, 1988) .
Pigs were fed at 12-h intervals twice daily a gruel mixture equal to 2.6 times maintenance requirement (MR) for ME (MR = 418 kJ of ME/13W.75. Pigs were also given free access to water. Chromic oxide ( 2 g k g of diet) was added as an indigestible marker for estimation of apparent nutrient digestibility at the terminal ileum and the total digestive tract. Lecithin was heated to a liquid form (50°C) and rigorously blended with the rendered fat before both were included in the diets. Pigs were weighed at the beginning and end of each experimental period and their health status was regularly inspected.
Chemical Analyses. Fatty acid composition of lecithin, rendered fat, diets, feces, and digesta was determined by GLC procedures (Martin et al., 1991) . Total fatty acid content of diets, feces, and digesta was also determined by GLC, but according to Sukhija and Palmquist (1988) . Nitrogen content of feces was performed on fresh material, whereas all other analyses on feces and digesta were carried out on ovendried and freeze-dried material, respectively. Dry matter, CP, CF, and HC1-ether extract ( EE) content of diets, feces, and digesta, as well as N in urine, were determined by conventional methods (AOAC, 1980) . Phosphorus content in the diets, feces, and urine was assayed colorimetrically by an AutoAnalyzer (Encore model, Baker Instruments), using the vanadomolybdate procedure (AOAC, 1980) . Concentration of Ca and Mg in diets, digesta, feces, and urine were analyzed by atomic absorption spectrophotometry according to methods described by AOAC (1980) . Chromium concentration in both digesta and feces were analyzed by atomic absorption spectrophotometry according to Williams (1962) . Apparent retention of N, ME, ME, (ME corrected to zero N balance; NRC SWINE DIETS 2025 19881, Ca, P, and Mg was estimated from quantitative collections of feces and urine.
Statistical Analyses. Statistical analyses were performed using the GLM procedures of SAS (1985) for a 4 x 4 Latin square design. Each pig was one experimental unit.
Results and Discussion
Despite the cecectomy required to fit the PVTC cannulas close to the ileo-cecal valve, the pigs grew normally and no visible health problems were observed. There was no significant interaction between lecithin and rendered fat with regard to the apparent ileal or overall digestibility of HC1-EE or total fatty acids, indicating that there was no effect of lecithin on the apparent ileal or overall digestibility of rendered fat by the pigs (Table 4 ). However, there was an interaction ( P < .05) between lecithin and rendered aNumber of carbon atoms and double bonds designated to the left and right of colon, respectively. bRendered fat effect ( P < .01). CLecithin effect ( P < .1). dRendered fat effect ( P < .001). eFatty acids were C14:0, 16:0, and 18:O. fFatty acids were C16:1, 18:1, and 18:2. gRendered fat effect ( P < .li. hLecithin effect ( P < .05). 1Lecithin x rendered fat interaction ( P < .05). JRendered fat effect ( P < .05).
fat for the apparent overall digestibility of C14:O fatty acid. This implies that digestion of this fatty acid was reduced to a greater extent when lecithin was fed alone than when lecithin was fed in combination with rendered fat.
There was no significant effect of lecithin on the apparent ileal or overall digestibility of HCI-EE and total fatty acids (Table 5) . Lecithin tended to decrease the apparent ileal digestibility of C16:O fatty acid ( P < .1), the overall apparent digestibility of C14:O ( P < .05), and C18:2 fatty acid ( P < .1). The total fatty acid content in the diets with added lecithin was lower than that of the diets without this product, despite the higher HC1-EE content in these diets. This resulted in a lower content of C14:0, C16:0, and C18:O fatty acids in the diets containing only lecithin and lecithin plus rendered fat in comparison with the control diet and the diet containing only rendered fat. The quantity of endogenous fat might have been greater in these diets than in those containing a higher fatty acid content (Frobish et al., 1970; Sundstprl, 1974; Leibbrandt et al., 1975) , and, consequently, the apparent digestibility of these fatty acids would be reduced. Alternatively, there could have been a negative effect of lecithin on the digestibility of some long-chain fatty acids. Saundres and Sillery (1976) found that unhydrolyzed egg-lecithin (phosphatidylcholine) decreased the rate of fatty acid absorption in the small intestine of rats. They speculated that if lecithin remains unhydrolyzed, as in the case of pancreatic insufficiency, mixed micelles might become abnormally large, thus diffusing at a slower rate through the unstirred water layer and reducing the absorption of micellar fatty acids. However, under normal conditions, lecithin is rapidly hydrolyzed to lysolecithin by pancreatic phosphatase, and lysolecithin has been shown to have no adverse effect on mucosal lipid uptake (Rodgers et al., 1977) . Jones et al. (1992) reported a decrease in the apparent overall digestibility of lard but an increase in the apparent overall digestibility of soy oil and tallow following the addition of soy-lecithin (10% of added fat) to pigs ' diets. 0verland et al. (1993) found no effect of 2% soy-lecithin on the apparent digestibility of soy oil (6% of the diet) or rendered fat (6% of the diet) by weanling pigs.
Apparent ileal and overall digestibility of HC1-EE and total fatty acids increased ( P < .05) with the addition of rendered fat to the diets (Table 4) . Rendered fat also increased ( P < .01) the apparent ileal digestibility of C14:0, C16:1, and C18:l fatty acids and total unsaturated fatty acids. In addition, the apparent overall digestibility of C14:O ( P < .001), C16:l ( P < . l ) , C18:O ( P < .001), and C18:l ( P < .05) fatty acids, total unsaturated fatty acids ( P < .1), and saturated fatty acids ( P < .01) were increased following the addition of rendered fat to the diets. This probably results from a reduced influence of endogenous fatty acids with increasing fat level in the diets rather than a more efficient digestion of the increased amount of fat present (Frobish et al., 1970; Sundstprl, 1974; Leibbrandt et al., 1975) .
In general, the overall apparent digestibility of HC1-EE seemed to be lower ( P < .05) than the ileal Table 5 . The effects of lecithin andjor) rendered fat on the apparent ileal and overall digestibilities of DM, N, GE, total P, Ca, and Mg as estimated by using Crz03 as a markera aA total of four barrows with an average initial and final weight of 39.8 and 69.0 kg, respectively. bRendered fat effect ( P < .1). CRendered fat effect ( P < ,051.
apparent digestibility values, but this was not evident for total fatty acids. Information on the digestion of fat in the large intestine of pigs is limited. Sambrook (1979) observed a net increase in the daily flow of lipid through the anus relative to the terminal ileum, suggesting synthesis or secretion of lipid within the colon. Endres et al. (1988) also reported that the apparent overall digestibility of total fat was lower than the apparent ileal digestibility in growing pigs. This could be a result of endogenous fat secretion from mucosa cells in the colon, sloughing of endoepithelial cells, and de nouo synthesis of fat by the microbial population in the colon, thus increasing the concentration of fat in feces. There was a large reduction in the apparent digestibility of the saturated fatty acid, C18: 0, as measured between terminal ileum and the total tract. The reduction in the apparent digestibility was greatest in the diets without the addition of rendered fat (lowest C18:O fatty acid content). This implies that a biohydrogenation of unsaturated fatty acids to saturated fatty acids (Carlson and Bayley, 1968; Mason and Just, 1976) or a de nouo synthesis of this fatty acid by the microbial population in the colon may have occurred.
There was no interaction between lecithin and rendered fat for nutrient digestibility (Table 5 ). The inclusion of lecithin to diets had no effect on the apparent ileal or overall digestibility of DM, N, GE, CF, P, Ca, or Mg. However, the addition of rendered fat to diets increased the apparent digestibility of DM ( P < . l ) , N ( P < .05), and GE ( P < .05) as estimated at the terminal ileum and in the whole gastrointestinal tract. In addition, there was a positive effect of rendered fat on the apparent ileal digestibility of Ca ( P < . 1). This could be a result of the lower content of Ca in the control diet than in the other diets (Table  2) . In contrast to HC1-EE digestibility, the overall apparent digestibility coeficents of DM, N, GE, and Mg were greater than the ileal digestibility coefficients. Endres et al. (1988) reported similar effects for these nutrients.
There was no effect of rendered fat on the apparent ileal or overall digestibility of CF. Contrary to expectations, the estimated apparent ileal digestibility of CF was greater ( P < .01) than over the whole digestive tract. This finding was presumably due to a separation of this fraction from Cr in the digesta, which might have had different rates of passage through the gastrointestinal tract (Latymer et al., 1990) . Jorgensen et al. (1985) reported that in growing pigs, crude fiber is mainly digested by the microbial fermentation in the hindgut, although Bergner ( 1992) indicated that microbial activity in the small intestine of pigs is substantial as well. There was no interaction between lecithin and rendered fat for utilization of dietary nutrients and energy (Table 6 ). Lecithin did not affect utilization of ME, ME,, N, P, Ca, or Mg. However, rendered fat increased ( P < .05) the effkiency of utilization of both N and GE when expressed as a percentage of intake. The increase in retention on N was probably a result of enhanced protein anabolism in pigs fed the diets containing rendered fat. 0verland et al. (1993) reported a positive effect of lecithin on retention of N.
In the present study, no significant interaction between lecithin and rendered fat for mineral utilization of the pigs was found. Furthermore, the addition of lecithin and(or) rendered fat to the diets had no effect ( P < . 1 ) on mineral utilization by the pigs. In experiments with young calves, Raven and Robinson (1964) concluded that undigested fat can have detrimental effects on the absorption of Ca and Mg and on the retention of P. In contrast, Jordan and Weatherup (1978) found a significant positive relationship within diets between apparent fat absorption and the apparent absorption of Ca and P by earlyweaned pigs. Also, Atteh and Leeson (1983) reported no detrimental effect of dietary fat on mineral utilization by pigs. Due to a lack of agreement among these studies, it is desirable to conduct further studies of the relationship between dietary fat and mineral utilization by pigs. Because the data in the present study were collected from only four animals, further investigations with a larger number of animals are desirable. 
